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Purpose: Evidence suggesting that genetic factors contribute to the development of 
common disorders can be obtained by demonstrating familial aggregation of the disease. 
This study investigated whether thoracic aortic dilations and dissections aggregate in 
families by comparing the prevalence of thoracic aortic aneurysms, thoracic aortic dissec- 
tions, and sudden death in first-degree relatives of patients referred for thoracic aortic 
surgery. 
Methods: Families were ascertained through 158 nonsyndromic patients referred for 
surgical correction of either thoracic aortic aneurysms or dissections (probands) and their 
843 first-degree r latives. A control group of 547 first-degree r latives was derived from 
114 proband spouses. Groups were examined for statistical differences in the prevalence 
of thoracic aneurysms, thoracic aortic dissections, abdominal aortic aneurysms, udden 
death, and myocardial infarctions. 
Results: First-degree relatives of probands demonstrated a higher prevalence of thoracic 
aortic aneurysms and sudden death when compared with the control group. Relative risks 
of thoracic aortic aneurysm development in proband fathers, brothers, and sisters were 
1.8, 10.9, and 1.8, respectively. A pattern of inheritance of the thoracic aortic aneurysms 
could not be determined. 
Conclusions: This study indicates proband first-degree relatives are at higher risk of 
thoracic aortic aneurysms and sudden death compared with a control group. This study 
supports the role of genetic factors-in the cause of thoracic aortic aneur;ysms and provides 
important information for identifying individuals at risk. (J Vase Surg 1997;25:506-11.) 
; 
Aneurysms and dissections o f  the aorta are asso- 
dated with a high degree of morbidity, mortality, 
and medical expenditure despite continued improve- 
ments in diagnostic and surgical techniques. 1,2 Pre- 
vention of these disorders through the early identifi- 
cation of predisposed individuals and the modification 
of contributing environmental nd genetic factors is 
a potential cost-effective method for addressing these 
diseases. Establishing familial aggregation and esti- 
mating relative risks of  these disorders for family 
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members i useful not only for identifying susceptible 
individuals but also for implicating a genetic contri- 
bution to these disorders. Although abdominal aor- 
tic aneurysms have been well characterized in regard 
to familial aggregation, 3 risk factors, 4,s possible cans- 
es, 6,7 and potential modes of inheritance, 8,9 less is 
known regarding thoracic aortic aneurysms (TAA) 
and thoracic aortic dissections. 2,1°-12 For this reason 
this study was primarily designed to compare first- 
degree relatives of  patients referred for surgical 
repair o f  dilated or dissected thoracic aortas with a 
control group for differences in occurrence of  
these disorders. Because rupture or dissection o f  
asymptomatic aneurysms has a high mortality 
rate, ~ this study also examined the prevalence of  
sudden deaths in the two groups. One hundred 
fifty-eight patients were inter¢iewed, and family 
histories were obtained. TAA prevalence, age and 
sex distributions, disease, familial aggregation, and 
potential modes of  inheritance are reported. This 
study demonstrates familial aggregation of  TAA 
and sudden death as a first step toward identifying 
individuals with potential genetic predispositions 
for these disorders. 
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METHODS 
Populat ion selection. The study population 
consisted of first-degree relatives of 158 patients 
(100 men and 58 women) who were referred to 
Methodist Hospital, Houston, Texas, for surgical 
repair of TAA, thoracic aortic dissections, or thora- 
coabdominal ortic aneurysms. These individuals un- 
derwent corrective surgery within the 21/2-year pe- 
riod of September 1990 to March 1993. Patients 
excluded from the study had either known syn- 
dromes (e.g., Marfan syndrome) or vasculitis associ- 
ated with thoracic aorta anomalies or were unaware 
of their first-degree relatives' medical history. There 
were 153 white, 3 black, 1 Hispanic, and 1 Asian 
proband patients. A control population of first-de- 
gree relatives was obtained by interviewing 114 of 
the probands' spouses about their family history. 
This study recorded occurrence of symptomatic or 
previously diagnosed thoracic and abdominal aneu- 
rysms, dissection of the thoracic aorta, myocardial 
infarction, and sudden death. Only relatives whose 
age placed them at risk for symptomatic aneurysm 
development were included in the study. A mini- 
mum age of 30 years was selected based on the age of 
the youngest proband patient. Excluding the 308 
offspring common to both groups, there were 843 
proband and 547 control first-deg~'ee family members. 
Data collection. After appropriate consent as re- 
quired by the Institutional Review Board was ob- 
tained, one of the authors (M. R.) interviewed the 
study subjects with a standardized questionnaire de- 
signed to maintain consistency and minimize recall 
bias in the data collection process. Medical records 
were reviewed for aortogram and surgical pathology 
results. Aneurysms in the ascending thoracic aorta, 
aortic arch, or descending aorta were classified as 
thoracic aortic aneurysms (TAA). Aneurysms below 
the diaphragm but superior to the renal arteries were 
classified as thoracoabdominal ortic aneurysms 
(TAA). Infrarenal aneurysms were classified as ab- 
dominal aortic aneurysms (AAA). Aortic dissections 
were classified according to the DeBakey system) 4 
The predominant disease was reported as either cys- 
tic medial necrosis or atherosclerosis. Sudden death 
was defined as an unexpected eath of unlmown 
cause in the absence of  a history of  heart disease and 
subsequent autopsy. In reported cases of thoracic, 
abdominal, or cerebral aneurysms in first-degree rel- 
atives, medical, surgical, and radiologic records were 
obtained whenever possible to corroborate licited 
medical histories. 
Statistical analysis. Statistical analysis was per- 
formed with an SPSS statistical software package 
(SPSS, Inc., Chicago, Ill.). Tripartate Logistic Re- 
gression was used to verify that dilated and dissected 
thoracic aorta data could be combined for subse- 
quent statistical analysis. 1S Mann-Whimey and 2 × 2 
×2 analyses were used to test for age and sex differ- 
ences between the study and control groups, respec- 
tively. One-way analyses of variance were used to 
compare ages among multiple groups. Log linear 
analysis was used to test for associations among the 
multiple categoric variables. Fisher's exact test was 
used to analyze 2 × 2 tables with multiple data 
entries smaller than five. Overall relative risk esti- 
mates for TAA and sudden death were computed 
with the Mantel-Haenszel stimator.16 Separate TAA 
relative risk estimates for proband parents and sib- 
lings were calculated as described by Webster et al)7 
with TAA cumulative incidence functions ~8 derived 
from data published by Bickerstaff et al.19 and tables 
given in Bailer and Ederer. 2° 
RESULTS 
Proband characteristics. Proband characteris- 
tics, summarized in Table I, were' similar to previous 
findings in regard to proband sex, age, aneury,;m 
history, aortic anomaly at the time of surgery, and 
disease. 1°,12,17,21 Men had an average age of 63.8 
years (SD = 11.31), and women had an average age 
of 67.0 years (SD = 11.37). The ratio of affected 
men to women was 1.7:1, with men demonstrating a 
higher prevalence of aortic dissections (p = 0.004). 
There were no statistically significant sex-related dif- 
ferences with respect o the occurrence of previous 
TAA, previous AAA, dilated thoracic or thoracoab- 
dominal aneurysm, aortic dissection, abdominal aor- 
tic aneurysm, hypertension, or smoldng history. Cys- 
tic medial necrosis was significantly associated with a 
history of TAA (p = 0.006) and aortic dissection 
(p = 0.012). Atherosclerosis was associated with tho- 
racoabdominal ortic aneurysm (p < 0.0001) and 
AAA (p < 0.0001). No age differences were noted 
when sex, aneurysm type (dilated vs dissecting), and 
aneurysm location were examined at the p = 0.05 
significance l vel. Finally, there was a statistically sig- 
nificant association between hypertension and a fam- 
ily history of dilated or dissecting thoracic aneurysms 
(p = 0.031). 
Disease prevalence in first-degree relatives. 
From a statistical point of view Tripartate logistic 
regression of the data revealed that proband aneu- 
rysm type (dilated vs dissecting) did not make a 
statistically significant contribution toward predict- 
ing first-degree relative aortic disease (data not 
shown), indicating that TAA and dissected thoracic 
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Table I. Summary ofproband characteristics 
Previous Dilated thoracic Dissecting thoracic 
aneurysm aneurysm aorta classification Disease 
Age (yr) TAA AAA TAA TAAA Both I H III CMN ATH 
Men 30-39 2 1 1 1 3 
40-49 2 4 1 3 2 9 1 
50-59 7 1 3 1 1 6 3 10 3 
60-69 12 7 17 1 3 10 5 5 22 13 
70-79 4 12 5 2 6 5 2 8 12 13 
->80 1 2 1 1 2 
Total 27 21 32 4 11 25 10 18 56 32 
Women 30-39 1 2 2 
40-49 1 1 
50-59 2 1 2 
60-69 10 3 12 1 7 3 
70-79 4 3 8 5 3 2 
->80 1 1 3 1 1 
Total 18 7 27 1 14 8 3 6 
2 5 
1 10 10 
3 6 10 
2 3 
20 30 
TAA, Thoracic aortic aneurysm; TAA, thoracic aortic aneurysm; TAAA, thoracoabdominal aneurysm; Both, TAA with TAAA; CMN, 
cystic medical necrosis; ATH, atherosclerosis. 
Table II. Disease prevalence in first-degree r latives 
Probands (N) Control group (N) 
Event Men (429) Women (414) Men (274) Women (273) 
Statisics 
P 
TAA or dissecting thoracic aorta 12 5 2 0 0.0096 
AAA 11 1 7 0 0.82 
MI 48 17 31 9 0.78 
Sudden death 38 10 9 5 0.0057 
TAA, Thoracic aortic aneurysm; AAA, abdominal ortic aneurysm; M/, myocardial infarction. 
aorta data could be combined for subsequent analy- 
sis. However, dilated thoracic anemTsms and tho- 
racic aortic dissections are thought o have different 
causes, suggesting that they should be analyzed sep- 
arately. 2226 Because of this discrepancy we provide 
the first-degree relative data on all the proband pa- 
tients and then an analysis eparating the proband 
patients into two groups based on whether the pro- 
band had aortic dilation or dissection. 
Overview of  the combined data. Comparison 
ofproband first-degree r latives with the spouse con- 
trol groups revealed no statistically significant differ- 
ences in age or sex. The prevalence of TAA and 
sudden death was significantly higher in the proband 
patients first-degree r latives compared with the con- 
trol group relatives. As shown in Table II 17 of the 
proband patients' relatives had TAA, whereas only 2 
relatives of the control group were affected (Mantel 
and Haenszel X 2 p = 0.0096). Proband relatives 
reported 48 occurrences of sudden death compared 
with 14 sudden deaths in the control group (Mantel 
and Haenszel X2, p = 0.0057). In contrast, no signif- 
icant difference was seen in the occurrence of AAA 
(p = 0.82) or myocardial infarctions (p = 0.78) 
between the proband and control groups. With re- 
gard to sex, men were more likely than women to 
have thoracic aortic aneurysms or dissections (p = 
0.042), sudden death (p < 0.0001), myocardial in- 
farction (p < 0.00001), and abdominal aortic aneu- 
rysms (p < 0.001). 
Segregated ata analysis. First-degree relatives 
of patients in the proband and control groups were 
segregated into two groups based on the type of 
aortic disease present in the proband patient (dilated 
aneurysm or aortic dissection) as shown in Table III. 
Relatives of proband patients with dilated TAA also 
had a significant prevalence of dilated TAA (p = 
0.026) compared with those of patients in the con- 
trol group. When proband fathers, mothers, broth- 
ers, and sisters were examined separately, there was 
insufficient power in the Mantel-Haenszel test to 
obtain relative risk estimates. As an alternate ap- 
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Table I I I .  Prevalence in first-degree r latives egregated by proband thoracic aorta dilation 
or dissection 
Dissecting aorta Dissecting aorta 
TAA probands group TAA control group probands group control group 
(N) (N) (N) (N) Statistics 
Men Women Men Women Men Women Men Women TAA Dissecting 
Event (243) (254) (159) (153) (186) (160) (115) (120) p value p value 
TAA 7 1 0 0 4 2 2 0 .026 .484 
Dissection 0 1 0 0 1 1 0 0 1.0 .517 
AAA 5 0 0 0 6 1 7 0 .163 .461 
MI 31 10 24 6 17 7 7 3 .504 .177 
Sudden death 24 5 4 6 14 5 3 1 .089 .022 
TAA, Thoracic aortic aneurysm; Dissection, thoracic aorta dissection; A_AA, abdominal ortic aneurysm; MI, myocardial infarction; TA.A 
p value, values obtained when comparing TAA probands and TAA controls; Dissectingp value, values obtained when comparing dissecting 
aorta probands with dissecting aorta Controls. 
proach the technique described by Webster et al? 7 
was used to obtain conservative r lative risk estimates 
for each of these individuals. Relative risks of dilated 
thoracic aneurysm development in TAA proband fa- 
thers, brothers, and sisters were 1.8 (95% CI = 1.5, 
2.2), 10.9 (95% CI = 9.4, 12.7), and 1.8 (95% CI = 
1.6, 2.1), respectively. No estimate of risk in proband 
mothers could be calculated, because none of them 
had TAA. No difference was found in sibling risk 
with regard to proband sex (p = 0.267). Further- 
more no significant difference was seen in prevalence 
of dissecting aortic aneurysms (p = 1.0), AAA (p = 
0.163), myocardial infarctions (p = 0.504), or sud- 
den death (p = 0.089). 
In contrast, first-degree relatives of probands 
with dissecting aortic aneurysms demonstrated 
higher prevalence of sudden death (relative risk = 
3.35; CI% = 1.13, 9.99), but no significant differ- 
ences were detected in the prevalence of dilated TAA 
(p = 0.484), aortic dissections (p = 0.517), AAA 
(p = 0.461)or myocardial infarction (p = 0.177). 
Analysis of  proband pedigrees. Of the 158 
proband pedigree patients, 16 multiplex pedigrees 
contained first-degree family members with either 
dilated or dissecting thoracic aortic aneurysms. With 
respect o TAA proband patients, dilated aneurysms 
were seen in one father, six brothers, and one sister 
including the single instance of a father-son affected 
pair. One sister of a proband patient had aortic dis- 
section. In contrast, none of the spouse control ped- 
igrees contained members affected with either TAA 
or thoracic aortic dissection. 
In the eight pedigrees ascertained from proband 
patients with aortic dissection, one father and one 
sister had aortic dissection. Dilated thoracic aneu- 
rysms were seen in two fathers, one mother, two 
brothers, and one sister. Two control simplex pedi- 
grees contained fathers with dilated thoracic aneu- 
rysms. Visual inspection of these pedigrees did not 
suggest a probable mode of inheritance for either 
dilated or dissecting thoracic aortic aneurysms (data 
not shown). 
DISCUSSION 
This study demonstrates familial aggregation of 
TAA and represents a step towards identifying indi- 
viduals predisposed tohave the disorder. Although it 
is currently believed that the cause of dilated and 
dissecting aneurysms i  different, 23-26 there are fami- 
lies with autosomal dominant inheritance of aortic 
disease in which dilated aneurysms and aortic dissec- 
tions are seen together. 12,27 In the families with aor- 
tic disease identified in this study, seven families had 
affected members with dilated aneurysms along with 
other family members with aortic dissections. These 
facts suggested that dividing the probands into two 
groups based on whether they had a dilated aneu- 
rysm or aortic dissection might not be appropriate 
when we were attempting to determine the familial 
aggregation of thoracic aortic aneurysms and dissec- 
tions. Therefore we have presented our data both 
combining and separating the probands based on 
whether they had a dilated aneurysm or aortic dissec- 
tion. 
Bickerstaff et al.19 reported a TAA incidence of 
5.9 per 100,000 person-years in white patients. Ap- 
plying this estimate to our study population, an aver- 
age of 1.9 dilated aneurysms were expected in first- 
degree relatives of dilated aneurysm proband patients 
(32,206 person-years). A statistically significant four- 
fold increase in the number of dilated aneurysms was 
observed. Subsequent examination revealed that 
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proband fathers and sisters had a 1.8-fold increased 
risk of TAA, whereas proband brothers had an l l - fold 
increased risk of TAA. These findings demonstrate hat 
TAAs aggregate in families and support a sex-influ- 
enced disease process that affects proband siblings. 
Dissecting aneurysms were rarely reported in 
first-degree relatives of probands and were never e- 
ported in control family members. As a consequence 
no meaningful statistical comparisons could be 
drawn. However, asymptomatic dissecting aneu- 
rysms have a high mortality rate 2 and in the absence 
of radiographic studies, surgery, or autopsy can ei- 
ther go undetected or can be misclassified as sudden 
deaths. Examination of sudden deaths in first-degree 
relatives of dissecting aneurysm proband patients re- 
vealed a statistically higher prevalence and a threefold 
increased risk for this disorder. In contrast, relatives 
of patients with dilated aneurysm showed no in- 
creased prevalence of sudden death. The lack of a 
statistically significant difference in deaths attributed 
to myocardial infarction also lent support  to the 
hypothesis that aneurysm rupture as opposed to an- 
other cause contributed to the increased number of 
unexplained sudden deaths. 
Hypertension has long been recognized as an 
important risk factor for the development of aortic 
ancurysms and aortic dissections. 4,19 In this study 
60% ofproband patients with dilated aneurysms and 
70% ofproband patients with aortic dissections were 
hypertensive (data not shown). No statistically signif- 
icant difference was seen in the prevalence of elevated 
blood pressure in the two groups ofproband patients 
(p = 0,20). Although hypertension is associated with 
the two disorders, the formation of dilating or dis- 
secting aortas cannot be ascribed to elevated blood 
pressure alone. 
Thoracic aortic aneurysms and abdominal aortic 
aneurysms may have heterogeneous causes based on 
differences in familial aggregation and disease. Al- 
though abdominal aortic aneurysms have been 
shown to occur as multiple events in families, 3,17,28,29 
no statistically significant difference was seen in AAA 
occurrence in proband and control relatives in th'is 
study. The observation that men are more often 
affected than women in families with TAA aggrega- 
tion contrasts with familial abdominal aortic aneu- 
rysm studies, in which women were more likely to be 
affected than men. 3°,a~ A final difference between 
TAA and AAA is related to disease. There were more 
cases of cystic medial necrosis (55%) than atheroscle- 
rosis (45%) reported in pathologic sections available 
for review. In contrast, he vast majority of the aortic 
disease found in previous AAA studies were athero- 
sclerotic lesionsY a4 
Inspection of the proband pedigrees revealed the 
occurrence of  both dilated thoracic aneurysms and 
aortic dissections regardless of the proband's aortic 
anomaly. The predominance of affected male pa- 
tients at first suggested X-linked inheritance for ei- 
tiler dilated or dissected aortas. However, occur- 
rences of father-to-son transmission in both cases 
excluded this mode of inheritance but supported a
sex-influenced process. There were seven TAA pedi- 
grees and three aortic dissection pedigrees where 
only siblings were affected with dilated TAA, sup- 
porting either autosomal recessive inheritance or au- 
tosomal dominant inheritance with incomplete pen- 
etrance. Genetic heterogeneity could account for 
similar TAA phenotypes arising from different geno- 
types and alternative modes of transmission. 
Of the 158 proband patients in this study, 153 
(96.8%) were white. Other studies relating to the 
epidemiologic haracteristics of aortic aneurysms 
have also reported a predominance of affected white 
patients. 19,3S Although the possibility exists that 
white people are more likely to have TAA than peo- 
ple of other ethnicity, the high prevalence of white 
patients in this study may also represent a selection 
bias. Because TAAs are usually asymptomatic, the 
high rate of  white patients referred for surgery could 
reflect a disproportionate access to medical care with 
a concomitant increase in asymptomatic aneurysm 
detection. In either case the results of this study 
should be applied only to white populations. 
In conclusion, first-degree relatives of proband 
patients referred for dilated thoracic aneurysm repair 
are at an increased risk for having TAA themselves. 
This is particularly true for male siblings of  affected 
probands. First-degree relatives of patients with 
dissecting aneurysm have a threefold increased risk 
of  sudden death possibly because of  aortic dissec- 
tion. Formal segregation analysis may elucidate the 
mode(s) of  inheritance of TAA and thoracic aortic 
dissection, providing a step toward identifying un- 
derlying genetic alterations that predispose indi- 
viduals to these disorders. Studies are in progress 
to identify specific genetic and environmental in- 
fluences that contribute to TAA pathogenesis be- 
fore cost-effective screening methods are recom- 
mended for identifying family members at 
increased risk. 
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